O variohysterectomy (OHE) is a common surgical procedure performed in general practice for which the benefits and complications have been described extensively.
and the duration of laparoscopic procedures, compared with open procedures.
Reduced pain associated with laparoscopic OHE has been reported. 10 However, more rigorous comparisons of laparoscopic versus open OHE have yet to establish a clear advantage.
a Some would argue that the benefits of a laparoscopic procedure, compared with a mini-laparotomy as used for OHE, are negligible. [12] [13] [14] [15] Furthermore, prolonged duration of surgery makes laparoscopic procedures less attractive in the typical practice setting. 10 Laparoscopic-assisted procedures maintain minimally invasive attributes of laparoscopic surgery while allowing complex procedures to be performed more efficiently by use of extracorporeal maneuvers. Laparoscopic-assisted procedures have minimal impact, similar to an entirely laparoscopic approach. 16 Laparoscopic-assisted techniques in veterinary medicine such as laparoscopic-assisted gastropexy have reduced the complexity of a minimally invasive gastropexy. 17 This procedure now is routinely used in many practice settings. Similarly, a simple technique for laparoscopic-assisted OHE (LAOHE) was developed. The technique is performed via 2 midline portals, with an operative laparoscope, bipolar cautery, and a specially designed table to permit rotation of the patient from dorsal recumbency to left or right lateral recumbency.
We hypothesized that LAOHE would cause less pain than conventional open OHE, whereas duration of surgery, anesthetic variables, and complications would be similar. The purpose of the study reported here was to compare the duration of surgery, duration of anesthesia, anesthetic complications, surgical complications, and signs of postoperative pain of LAOHE versus open OHE in dogs in a randomized, prospective clinical trial.
Materials and Methods
The institutional animal care and use committee of the Veterinary Referral Center of Colorado approved this protocol. Twenty healthy sexually intact female dogs that weighed > 10 kg (22 lb) and were scheduled for adoption through local animal shelters were randomly allocated to either OHE or LAOHE groups. Owner consent was obtained for dogs that were placed with adopting owners. Consent from the animal shelter director was obtained for all others that were not adopted at the time of the study. Physical evaluation and preoperative CBC and serum biochemical profile were performed and found to be within reference ranges in all dogs.
Twenty-four hours prior to surgery, a 16-gauge throughthe-needle catheter b was placed aseptically into the external jugular vein to facilitate and minimize stress associated with blood sample acquisition. If a jugular site was not available, a saphenous vein was used. Serum glucose and cortisol concentrations were measured at baseline after a 24-hour period of acclimation following catheter placement prior to premedication for anesthesia (preoperative) and 1, 2, 4, 6, 12, and 24 hours after extubation. A 10-mL sample of blood was aspirated from the catheter. Serum glucose concentration was measured with a glucometer c immediately after sample acquisition and reported in milligrams per deciliter. Packed cell volume was measured in a standard fashion. A 5-mL aliquot of blood was dispensed into a serum separator tube, clot formation was allowed to occur, and the sample was immediately centrifuged. Following centrifugation, serum was harvested immediately, stored at -80 o C in labeled Eppendorf tubes, and evaluated for cortisol concentration at the end of the study by a commercial laboratory via solid-phase radioimmunoassay. and maintained with isoflurane via endotracheal intubation. Bupivicaine (2 mg/kg [0.9 mg/lb], SC) was infused into the surgical site (OHE) or divided between portal sites (LAOHE) prior to incision. Systolic, diastolic, and mean arterial pressures were measured via arterial catheterization of the dorsal pedal artery or the distal radial artery. Continuous ECG; systolic, diastolic, and mean arterial pressures; heart and respiratory rates; end-tidal (ET) CO 2 ; ET isoflurane; and pulse oximetry SpO 2 were monitored and recorded during the duration of the anesthesia. Mechanical ventilation was provided as deemed necessary during anesthesia (PETCO 2 > 55 mm Hg).
Surgical procedures-All surgeries were performed by 1 surgeon (CMD). Dogs randomly allocated into the OHE group had the procedure performed as described, 9 with minor modification of the incision size to encompass the middle third of the umbilicopubic distance, rather than the described half of the umbilicopubic distance, to more closely replicate OHEs performed in general practice. Dogs in the LAOHE group were placed in a surgical table (essentially a wooden-hinged V-trough) designed to facilitate rotation of the patient from dorsal recumbency to right or left lateral recumbency while maintaining an aseptic surgical field (Figure 1 ). While in dorsal recumbency, pneumoperitoneum was attained in a standard fashion (10 to 13 mm Hg) with CO 2 , a Verres needle, and a mechanical insufflator.
e A 12-mm cannula positioned at the level of the umbilicus was used to insert an 11-mm operative laparoscope with a 6 X 114-mm operating channel (Figure 2) .
f Retraction of the spleen and intestines was facilitated by rotation of the patient to right lateral recumbency, which allowed vision of the abdominal viscera and identification of the left ovariouterine complex. The left ovary was grasped and brought to the body wall, which allowed percutaneous advancement of a transabdominal suspension suture (1.0 polydioxanone) with a CT-1 (large taper) needle g to maintain exposure of the ovarian pedicle (Figure 3) . With the lights diverted from the surgical field, transillumination of the region was evident. The needle was advanced through the body wall, becoming visible laparoscopically. The needle was directed through the ovariouterine complex, encircling the tissue, and directed out the abdominal wall; the suture was tied, effectively maintaining exposure of the ovarian vasculature.
In multiparous animals, additional transabdominal suspension sutures were placed as needed to retract the uterine horn and facilitate exposure of the ovarian pedicle. The suspensory ligament and ovarian vasculature were progressively cauterized and divided with a multifunction bipolar grasping forceps h (Figure 4) . The right ovarian pedicle was identified, exposure was maintained with a transabdominal suspension suture, and the pedicle was progressively cauterized and divided in a similar fashion. Retraction of the intestines and pancreas was facilitated by rotation of the patient to left lateral recumbency ( Figure 1 ). After division of both ovarian pedicles, the patient was returned to dorsal recumbency. A 5-or 12-mm cannula was inserted via direct viewing at the caudal portion of the midline approximately 4 to 5 cm cranial to the pubis (caudal portal). Endosurgical grasping forceps were introduced into the caudal midline portal, and the right horn of the uterus and associated ovary were grasped ( Figure 5 ). The transabdominal suspension suture was released, and the right ovary and associated uterine horn were exteriorized through the abdominal wall via the caudal portal ( Figure 6 ). The caudal portal was enlarged as necessary to allow ease of exteriorization of the ovary. The left ovary and associated uterine horn were exteriorized in a similar fashion. The body of the uterus was ligated, transfixed, and divided in a standard fashion. The ligated uterine stump was reintroduced into the peritoneal cavity through the caudal portal and inspected with the laparoscope for hemostasis and entrapment of regional tissues. The portal sites were closed in 2 layers with monofilament absorbable suture and nylon. Surgical time of OHE was recorded from the initiation of the skin incision to the final skin suture. Surgical time of LAOHE was recorded from the initiation of the pneumoperitoneum to the final skin suture. Total anesthesia time for both groups was from time of induction and intubation to time the vaporizer was set at 0% at the end of the procedure. After surgery, recovery occurred in an isolated environment and blood samples were obtained at 1, 2, 4, 6, 12, and 24 hours after extubation. Morphine was administered after surgery (0.2 mg/kg, SC) to all dogs prior to extubation. Pain scores were assigned on the basis of increase from baseline of heart rate, respiratory rate, mean arterial pressure, behavior, and response to wound palpation at 1, 2, 4, 6, 12, and 24 hours after extubation by 1 of 2 nonblinded technicians (Table 1) . 18 Patients with scores > 6 were given additional morphine (0.2 mg/kg, SC).
Statistical analysis-All statistical analyses were performed by use of statistical software.
i Mean and SD values were calculated. Age, weight, surgical time, and total anesthesia time were compared between treatment groups with an unpaired t test. Two-way ANOVA for repeated measures was used to compare the effects of treatment group and time on pain scores. The proportion of patients that required mechanical ventilation during anesthesia and additional morphine was compared between treatment groups with the Fisher exact test, and relative risk was calculated. One-way ANOVA for repeated measures was used to compare differences within treatment groups for blood glucose and cortisol concentrations obtained at various times. If a significant effect was detected, the Dunnett multiple comparison test was used to compare preoperative values with values obtained at each subsequent measurement point. For all comparisons, significance was set at α = 0.05. 
Results
Mean ± SD age was 1.5 ± 0.93 years and 1.45 ± 0.78 years for the OHE and LAOHE groups, respectively (P = 0.444). Mean ± SD weight was 22.1 ± 5.0 kg (48.6 ± 11.0 lb) and 22.0 ± 5.6 kg (48.4 ± 12.3 lb) for the LAOHE and OHE groups, respectively (P = 0.488). Mean ± SD duration of surgery for LAOHE was 20.8 ± 4.0 minutes, and mean duration of surgery for OHE was 18.6 ± 3.9 minutes (P = 0.133). Mean ± SD duration of anesthesia for LAOHE was 46.3 ± 10.0 minutes, and mean duration of anesthesia for OHE was 44.0 ± 9.6 minutes (P = 0.303).
One dog in the OHE group required treatment for hypotension (mean arterial pressure, < 60 mm Hg) with volume expansion (10 mL/kg [4.5 mL/lb], IV bolus) and ephedrine (0.1 mg/kg [0.05 mg/lb], IV). Six dogs (3 in the OHE group and 3 in the LAOHE group) required mechanical ventilation to maintain ETCO 2 < 55 mm Hg. During anesthesia, subjective assessment revealed inadequate depth of anesthesia during insufflation of the abdominal cavity with CO 2 in 3 of 10 patients in the LAOHE group. Similarly, signs of inadequate depth of anesthesia were detected during digital breakdown of the ovarian pedicle in 9 of 10 patients in the OHE group. Signs of inadequate depth of anesthesia were not detected in any patients during bipolar cautery division of the pedicles.
Surgical complications were not encountered in any dogs in the LAOHE group. In 1 dog in the OHE group, the ovarian pedicle was torn during digital breakdown of the suspensory ligament, which required extension of the incision to locate the bleeding vessel and provide hemostasis. Packed cell volume was not significantly different between or within groups at any time point (P = 0.856).
Pain scores were higher at all points for the OHE group, compared with the LAOHE group (P = 0.001; Figure 7 ). Nine of 10 dogs in the OHE group required additional pain medication on the basis of pain scores, whereas none in the LAOHE group did (P = 0.001; relative risk, 10.0 [95% confidence interval, 1.6 to 64.2]). Measurements of surgical stress were tabulated (Table 2 ). Blood glucose concentrations were significantly increased from preoperative concentrations in the OHE group at 1, 2, 4, and 6 hours and in the LAOHE group at 1 hour. Cortisol concentrations were significantly increased from preoperative concentrations at 1 and 2 hours in the OHE group. Cortisol concentrations were not significantly increased in the LAOHE group. 
Discussion
Laparoscopic-assisted ovariohysterectomy as described provided rapid exposure of the ovary and uterus by changing position from dorsal recumbency to lateral recumbency with the use of a specially designed table. Although the table was not necessary to change position, it was useful in maintaining an aseptic surgical field by facilitating rotation from right to left lateral recumbency. Head-down or Trendelenburg positioning was not used. Previously described [9] [10] [11] [12] laparoscopic neutering techniques use 3 or more ports to allow passage of endosurgical graspers or retractors to locate and maintain exposure of the ovariouterine complex during ligation and transection of the ovarian pedicle. Those techniques are inherently time-consuming and can be frustrating if surgical assistance is provided by someone inexperienced in laparoscopic surgery. The use of transabdominal suspension sutures to maintain exposure of the ovarian pedicle eliminated the need for additional portals and a surgical assistant to maintain exposure. 20 Additionally, exteriorizing of the uterine horns through the caudal portal and performing extracorporeal ligation and division of the uterine body further simplify the procedure.
Surgical complications were not encountered in the LAOHE group; however, this technique is not without potential complications. Improper use of cautery and transabdominal suspension sutures can bring the structures being transected too close to the abdominal wall, increasing the likelihood of collateral thermal injury, particularly in the hands of an inexperienced laparoscopic surgeon. Strict adherence to proper technique and use of bipolar cautery are important to prevent collateral injury. For example, after grasping the tissue and prior to application of the cautery mode, the tissue must be retracted away from the abdominal wall and other adjacent structures to prevent collateral thermal injury. The complication of subcutaneous migration of CO 2 did not occur in the LAOHE group. This was likely because of the method used to create the portal (ie, the closed method), the minimal distension pressure (13 mm Hg), and the short duration of the procedure. Use of an open method to create a portal can increase the risk of this complication if the skin incision is smaller than the body wall incision. 19 Additionally, increased distention pressures approaching 15 mm Hg can increase risk. In another veterinary study, 9 subcutaneous accumulation of CO 2 has been reported. In our clinical experience, this is not associated with substantial discomfort and it typically resolves spontaneously without treatment. Careful monitoring and cessation of the laparoscopic procedure are required if subcutaneous emphysema leads to pneumomediastinum or pneumothorax.
The durations of LAOHE and OHE (20.8 vs 18.6 minutes, respectively) were not significantly different. Our study was designed to detect > 15% difference in duration of the procedures with a power of 80%. This difference was chosen as a conservative clinically relevant difference. In a recent comparison 10 of laparoscopic OHE versus OHE, the duration of conventional OHE was found to be significantly shorter than laparoscopic OHE (69 vs 129 minutes, respectively). The authors of that study suggest that with experience, consistently performing a laparoscopic OHE in < 1 hour is realistic. Laparoscopic neutering is routinely performed in Europe. In a recent report 11 of a large number of dogs that received laparoscopic ovariectomy, the duration of surgery and complications with use of monopolar or bipolar cautery were compared. Duration of surgery was reduced by the use of bipolar cautery to a mean surgical time of 41 minutes. The duration of our method of LAOHE compared favorably with other reported methods of laparoscopic neutering.
Techniques of laparoscopic neutering performed with a harmonic scalpel, vascular clips, or endosurgical suturing methods to secure the ovarian pedicle and the uterine body have been described. 9, 10 Although an effective and efficient endosurgical tool, a harmonic scalpel is expensive to acquire and use. Bipolar electrocoagulation is a safe, less expensive alternative to the harmonic scalpel. Its use has been reported 11, 21 in horses and dogs for cauterization and transection of the ovarian pedicle. The bipolar forceps used in the dogs of the present study were designed to have multiple functions including grasping, cauterization, and transection of vascular tissue. As such, cumbersome instrument exchanges can be avoided, which further simplifies complex maneuvers and minimizes the number of ports used for the procedure.
Evaluation of postoperative signs of pain is inherently subjective. Postoperative composite pain scores were used to provide a simple method to determine the need for additional pain medication. Mean composite pain scores were significantly lower at all points postoperatively for the LAOHE group, compared with the OHE group. Nine of 10 patients in the OHE group required additional morphine, whereas none of the dogs in the LAOHE group required additional morphine. Relative risk of requiring additional postoperatively administered pain medication in the OHE group was 10 times greater than in the LAOHE group. Unfortunately, no method of pain evaluation is perfect. We used a scoring system used most recently by Walsh et al 18 and used in pediatric human studies 22 and veterinary studies. 23 The system is based on increases of easily measured physiologic variables (heart rate, respiratory rate, and mean arterial pressure) and categories of behavioral responses. At each time point, physiologic variables are measured without patient interaction and compared with baseline values. Behavioral responses are categoric and leave little opportunity for introduction of subjective biases. Baseline data were obtained in a standard fashion in all dogs prior to randomization into groups. The advantage of this system is that it is easily applied by technical staff with minimal subjective analysis and training. One disadvantage of this system is the difficulty of applying this method of pain evaluation in clinical practice in other than elective procedures. Other systems, such as a visual analogue scale, would have been more difficult to use to obtain information for the purposes of our study. Visual analogue scale scores are based on the evaluators' past experiences and perceptions of an animal' s pain. A visual analogue scale would be difficult to apply in a busy private practice setting and would require additional training.
Intuitively, the smaller incision required for the LAOHE would seem to account for differences in pain with laparoscopic or laparoscopic-assisted procedures, compared with open procedures. Pain that occurs after an open procedure is also attributed to desiccation of exposed viscera and disruption of the peritoneal surface. 24 Less pain associated with LAOHE, compared with OHE, is also attributed to the relatively atraumatic nature of bipolar cauterization and transection of the ovarian pedicle, compared with digital disruption of the suspensory ligament. Digital disruption of the suspensory ligament extends to the peritoneal attachment and exposes retroperitoneal space. During this procedure, 9 of 10 patients in the OHE group had signs of pain. In contrast, similar signs of pain were not detected during bipolar cauterization and division.
Blood glucose and serum cortisol concentrations are useful measures of surgical stress. Blood glucose remained significantly increased for 6 hours after extubation in the OHE group and only for 1 hour in the LAOHE group. Additionally, significant increases from baseline of cortisol concentrations occurred only in the OHE group. Laparoscopic and thoracoscopic procedures or other effective measures of pain control reduce surgical stress. 18, [25] [26] [27] Other causes of increased glucose and cortisol concentrations include the stress of hospitalization. Our patient population consisted of shelter dogs acclimated to kennel confinement. To minimize variations associated with hospitalization, all patients were hospitalized 24 hours prior to entering the study.
It is well accepted that preemptive analgesia is important to limit the overall degree of pain a patient has after a given procedure. [28] [29] [30] Despite the advances in recognition and management of pain that have occurred in veterinary medicine, inadequate management of pain is commonplace. 31, 32 Many dogs ovariohysterectomized in general practice are managed as outpatients, with minimal additional pain relief. Results of the present study illustrated that minimally invasive surgery can be viewed as a maneuver to reduce or preempt pain after surgery. One may consider minimally invasive methods more appropriate in an outpatient setting typical of general practice.
The benefits of laparoscopic or laparoscopic-assisted procedures have been validated by an enormous amount of clinical experience with laparoscopic surgery in humans. Yet, minimally invasive procedures have been slow to gain widespread use in small animal surgery. Laparoscopic-assisted ovariohysterectomy as described is less complex than laparoscopic OHE because of the use of 2 ports, minimal instrumentation, and conventional extracorporeal techniques. Results of our study provided evidence for reduced postoperative pain, whereas duration of surgery and anesthetic and surgical complications were similar.
Since completion of this study, the first author has modified the LAOHE technique to use 1 portal. A pneumoperitoneum is established, a 12-mm cannula is placed on midline at the level of the fourth mammary gland, and the operative laparoscope is inserted into the abdominal cavity. Retraction of the spleen and intestines is facilitated by rotation of the patient to right or left lateral recumbency, which allows the surgeon to see the abdominal viscera and identify the left or right ovariouterine complex, respectively. The ovaries are grasped and brought to the body wall, which allows percutaneous advancement of a transabdominal suspension suture; the suspensory ligament and ovarian vasculature are progressively cauterized and divided. After division of both ovarian pedicles, the patient is returned to dorsal recumbency. The proximal portion of the uterus is grasped with the multifunctional grasping forceps approximately 0.5 cm caudal to the ovary, the transabdominal suspension sutures are released, and the secured uterine horn is retracted into the 12-mm cannula. The cannula, laparoscope, bipolar graspers, and proximal portion of the uterus are retracted out of the portal for exteriorization of the uterine horn and associated ovary. The opposite uterine horn is exteriorized by a hand-over-hand maneuver, exposing the junction of the uterine body and uterine horn and subsequently the ovary. The uterine body is transfixed, ligated, and divided in an extracorporeal fashion. The single portal site is closed in 2 layers with absorbable monofilament and nylon suture. This modification allows further reduction in the impact of the surgical procedure by elimination of extra entries into the peritoneal cavity and reduces the number of endosurgical instruments required. 
